In recent years, a large body of research has provided evidence for continuities in juvenile and adult mood disorders, with similarities in clinical presentation, associated features and natural history of depressive illness (Kovacs 1996). However, maturational variations from child and adolescent to adult depression also have been highlighted, including differences in pharmacologic responses, hypothalamic-pituitary-adrenal system regulation and electroencephalographic (EEG) sleep changes (see Emslie et al. 1997; Rao et al. 1996) . EEG sleep changes, particularly with respect to rapid eye movement (REM) sleep variables, have been demonstrated consistently in adult subjects with depression (Benca et al. 1992) . Controlled studies in early onset depression, however, have yielded infrequent evidence of the same abnormalities (Rao et al. 1996) . The mechanisms for disparity in depression-related EEG sleep changes between youngsters and adults are unclear.
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Preclinical studies have shown that pontine cholinergic "REM-on" cells initiate and maintain REM sleep, whereas monoaminergic "REM-off" cells in the dorsal raphe nucleus and the locus coeruleus, through projections to REM activating pontine formations, are inactivated prior to and during REM sleep (for a review, see McCarley et al. 1995) . One possibility for developmental differences in the manifestation of REM sleep changes in depression is that the neurotransmitter circuitry involved in REM sleep regulation is not fully mature in youngsters. Thus, shortened REM latency or increased REM activity and density in depression might not be able to fully manifest before adulthood.
We previously found that the delay in REM latency in response to scopolamine, a non-specific muscarinic cholinergic antagonist, occurs to comparable degrees in both normal adolescents and adults, suggesting that muscarinic cholinergic tone is working in both age groups Poland et al. 1997; Rao et al. 1999a) . In fact, the subtle developmental differences observed in REM sleep measures in response to scopolamine revealed that the cholinergic activity may be even greater in adolescents (Rao et al. 1999a ). Similarly, the REM sleep response to scopolamine, particularly REM latency, also was relatively intact in adult and adolescent patients with depression Poland et al. 1997) . In contrast to scopolamine, adults with major depression show an enhanced shortening of REM latency in response to cholinergic agonists (Berkowitz et al. 1990; Gillin et al. 1978; Hohagen et al. 1993; Sitaram et al. 1978) , and one study suggests that this abnormal response also is observed in prepubertal children (Dahl et al. 1994 ). However, it still remains unclear as to why the majority of studies in depressed youngsters have not shown the typical REM sleep abnormalities, particularly shortened REM latency, which are observed in adult depressed patients.
In order to study this issue further, in this preliminary investigation, sleep patterns in normal adolescents and adults were studied following the administration of buspirone, a partial agonist at serotonin (5-HT 1A ) receptors. Serotonin (5-HT) systems exert their action on REM sleep, at least in part, through post-synaptic 5-HT 1A receptor-mediated hyperpolarization of the mesopontine cholinergic neurons (Leonard and Llinás 1994; Luebke et al. 1992) . In adults, REM sleep inhibition has been demonstrated with the administration of buspirone (Seidel et al. 1985) , and other 5-HT 1A agonists (Driver et al. 1995; Gillin et al. 1994; Lawlor et al. 1991) . To our knowledge, there are no investigations examining the effects of 5-HT 1A agonists on sleep patterns in adolescents.
METHODS AND MATERIALS

Participants
Fourteen subjects between the ages of 14 and 41, eight adolescents (age р 20, six males and two females), and six adults (four males and two females) were studied. The study was approved by the Institutional Review Board, and informed consent for adolescents was obtained from the adolescent as well as the parent. All participants were evaluated for psychopathology with the Structured Clinical Interview for DSM-III-R (SCID) (Spitzer et al. 1986 ). Also, psychopathology in the firstdegree relatives was assessed, using the subject or parent (in the case of adolescents) as an informant. In addition to the SCID interview, severity of depressive symptoms were rated using the Hamilton Depression Rating Scale (HDRS) (Hamilton 1960) , and the Beck Depression Inventory (BDI) (Beck et al. 1961) . The subjects had no personal or family history of a major psychiatric disorder. All participants had HAM-D scores ranging from 0-1, and BDI scores Ͻ 4. Subjects were medically healthy, as determined by physical examination, full chemistry panel, thyroid function tests, electrocardiogram and urine drug screens.
All participants were free from medication use for at least two weeks. In order to rule out known sleep disorders, a sleep questionnaire was filled-out. Subjects with a personal history of a major sleep disorder or a family history of narcolepsy were excluded from the study. Participants were screened also for the presence of sleep disorder(s) on the first night of the sleep protocol. Subjects were requested to go to bed between 10.30 p.m. and 11.30 p.m. and awake between 6.30 a.m. and 7.30 a.m. for at least one week prior to the study, and a sleep log was maintained prior to and during the study.
Sleep Protocol and Scoring of Sleep Records
The sleep protocol was a three-condition within-subjects design. Each subject was studied on three separate sessions for three consecutive nights during each session, approximately one week apart between sessions. On all nights, conventional EEG electrodes were attached by 8:00 p.m., and sleep recordings were made from 11:00 p.m. (lights out) to 7:00 a.m.. On night 2 of each three-night session, subjects were administered either placebo or one of two doses of buspirone (0.14 mg/ kg and 0.28 mg/kg, PO; equivalent to 10 mg and 20 mg in an individual weighing 70 Kg) at 11:00 p.m. in a double-blind, randomized fashion. Night 3 was considered the recovery or "rebound" night. Examination of sleep logs revealed that there were no significant differences between home and laboratory sleep/wake schedules.
The International 10-20 System was utilized for EEG electrode placement, electromyogram, electrooculogram and electrocardiogram. In order to rule out the presence of sleep disorders, a full sleep polysomnography was performed on the first night, including respiratory, oximetry and leg movement measurements. Bilateral EEG recordings were obtained from left (C3) and right (C4) central leads referenced to the opposite mastoid, A2 and A1, as well as to a linked reference (A1 ϩ A2).
Sleep records were coded and scored blindly according to standard criteria (Rechtschaffen and Kales 1968) . REM latency was defined as the time between sleep onset (first minute of stage 2 or deeper sleep, followed by at least 9 min of stage 2 or deeper sleep, interrupted by no more than 1 min of waking or stage 1) and the first REM period у 3 min in length. REM latency is reported with and without intervening wake time subtracted. Other REM sleep measures, including REM activity and REM density, and additional sleep variables were scored according to the criteria of Kupfer (1976) , as was done previously (Poland et al. 1989 Rao et al 1999a) .
Statistical Analysis
Statistical analyses were performed utilizing three-way analysis of variance (ANOVA) with repeated measures, with adolescent versus adult as the between-subjects factor, and dose (placebo versus buspirone 0.14 mg/kg versus buspirone 0.28 mg/kg) and night (treatment versus recovery) as the within-subject factors. Due to modest sample sizes, based on a priori hypothesis, analyses were restricted to REM sleep variables. Where significant main or interaction effects for group, dose or night were observed, separate analyses were performed, using unpaired and paired t-tests, to locate significant differences. Alpha was set at 0.05. Pearson product-moment correlation coefficients were calculated to examine the relationship between age and change in REM sleep measures on treatment and recovery nights (difference in values between drug and placebo). Logarithmic transformations were performed for REM latency, REM activity and REM duration to normalize variability. Only EEG data from the second and third nights of each three-night session were used in the statistical analyses, the first night being considered as adaptation night.
RESULTS
REM Latency Responses to Buspirone in Adolescents versus Adults
REM latency values at baseline and after treatment with buspirone in adolescents and in adults are depicted in Figure 1 . Although baseline REM latency was longer in adolescents as compared to adults, there was no significant group difference. Also, REM latency values did not differ significantly between treatment and recovery nights with placebo in either adolescents or adults. Compared to the placebo night, buspirone significantly prolonged REM latency at both doses in adolescents (see Figure 1) . In adults, low-dose buspirone had no effect on REM latency, whereas there was a tendency to lengthen REM latency at the high dose (Figure 1 ). During recovery from buspirone, there was a shortening of REM latency in both groups (Figure 1) . The results were essentially the same when intervening wake time was subtracted or when sleep latency on the treatment night was co-varied.
Relationship Between Age and REM Latency Response to Buspirone
With the low buspirone dose, there was a tendency for younger subjects to have longer REM latency than older subjects (Pearson r ϭ Ϫ 0.46, p р .10). The correlation co-efficient between change in REM latency and age on the high buspirone dose was Ϫ 0.02. On recovery nights, the correlation co-efficients were ϩ 0.02 and ϩ 0.25 for the low-dose and high-dose buspirone, respectively.
Effect of Buspirone on Other REM Sleep Measures in Adolescents and Adults
Other REM sleep variables are presented in Table 1 . Baseline REM sleep measures were comparable between adolescents and adults. These variables did not differ significantly between treatment and recovery nights with placebo.
First REM Episode. There was a group x night interaction for REM activity (F 1,12 ϭ 5.44, p р .05). On the treatment night, compared to placebo, buspirone tended to increase REM activity in a dose dependent manner in adolescents (see Table 1 ). However, these differences in REM activity in response to buspirone were not statistically significant. In the adults, REM activity did not change from baseline with either dose. A similar pattern was observed for REM density (F 1,12 ϭ 7.36, p р .05). On the recovery nights following buspirone treatment, there was a non-significant trend for reduction of REM activity and REM density towards baseline values in adolescents. Although not statistically significant, there was a tendency for buspirone to increase REM duration in a dose dependent manner in adolescents, but not in adults.
All REM Episodes. There was a significant main effect of the night on REM activity (F 1,12 ϭ 22.34, p р .0001). Compared to the treatment night, REM activity was increased on the recovery night for all three drug conditions, but statistical significance was noted only for the two buspirone doses and for the adolescent group only (Table 1) . A significant group x drug x night interaction for the REM density was found (F 2,11 ϭ 4.12, p р .05).
A tendency for buspirone to increase REM density in a dose dependent manner was observed on the treatment night in adolescents, but not in adults (t 12 ϭ 1.86, p р .10 for high buspirone dose). Also, REM density continued to remain high on the recovery night in adolescents, but not in adults (t 12 ϭ 2.80, p р .05 for change in REM density on the recovery nights for both doses).
There was a dose x night interaction for the REM duration (F 2,11 ϭ 3.84, p р .06) and for REM episodes (F 2,11 ϭ 7.31, p р .01). Compared to the placebo, buspirone administration suppressed REM sleep in both adolescents and adults, with a return to baseline values on recovery nights. However, statistical significance was noted only in the adolescent group (Table 1) .
Relationship between Age and REM Sleep Responses to Buspirone
Pearson correlation coefficients between age and change in REM sleep variables on the treatment nights revealed marked variability among the measures, but none showed a significant relationship with age. Both phasic REM sleep measures and REM duration during the first REM episode were negatively correlated with age. In contrast to the developmental effect seen with REM latency, buspirone tended to increase REM sleep in younger subjects, specifically with the higher dose (r values ranging from Ϫ 0.16 to Ϫ 0.40). However, when REM sleep for the entire night was examined, buspirone was effective in suppressing tonic REM sleep measures across the age spectrum (r values ranging from ϩ 0.06 to ϩ 0.25). Buspirone dose showed a differential effect on the relationship between age and phasic REM sleep variables (r ϭ ϩ 0.28 and Ϫ 0.20 for low and high doses, respectively, for REM activity). On the recovery night, with the exception of total REM density, none of the change scores in REM sleep measures showed a significant correlation with age for either dose (r values ranging from Ϫ0.22 to ϩ-.29). Change in REM density showed a negative relationship with age for both doses of buspirone (r ϭ Ϫ0.63 for both doses, p р .05). As the age increased, there was less rebound increase in REM density on the buspirone recovery night. The results did not change when REM density values on the buspirone treatment night were partialled out (r ϭ Ϫ0.63, p р .05 for the low dose; r ϭ Ϫ0.68, p р .01 for the high dose).
DISCUSSION
To our knowledge, this is the first study to examine the effects of a 5-HT 1A agonist on sleep patterns in adolescents, and to directly compare and contrast the effects of buspirone on REM sleep measures in adolescents and adults. Buspirone's effect on delaying the onset of REM sleep was more robust in adolescents than in adults. As discussed below, these results, taken together with findings from our previous investigations using scopolamine Poland et al. 1997; Rao et al. 1999a) , suggest that the relatively greater input from post-synaptic 5-HT 1A systems on the muscarinic cholinergic systems in adolescents may be associated with developmental differences in the manifestation of reduced REM latency observed in depression. However, a direct comparison of buspirone effects on REM latency should be performed in depressed adolescents and adults before drawing such conclusions.
Effect of buspirone on other REM sleep measures was more complex. Overall, buspirone showed differential effects on the suppression of REM sleep in adolescents and adults. During the first REM period, buspirone tended to increase rather than suppress REM sleep in adolescents, with no change observed in adults. However, over the course of the night, buspirone was effective in suppressing REM sleep in both groups. On the rebound night, REM sleep, specifically phasic REM events, was greater in adolescents. It is important to note that REM sleep regulation is complex, and preclinical data suggest that different neuroregulatory systems are involved in the control of tonic and phasic REM sleep measures (Cabeza et al. 1994; Siegel 1994) . Furthermore, although 5-HT is implicated in the regulation of REM sleep, the involvement of specific 5-HT receptor subtypes in the various components of REM sleep is unclear. This suggests that 5-HT 1A systems may be more involved in the initiation of REM sleep, whereas 5-HT 2 systems may be more involved in the regulation of REM sleep duration (see Leonard 1996) .
Due the modest sample sizes, these results should be considered only preliminary until they are replicated using larger samples. Despite this limitation, the study supports other preclinical and clinical findings in which a delay in REM latency and REM sleep suppression occurred with buspirone administration (Lerman et al. 1986; Mendelson et al. 1990; Monti et al. 1995; Seidel et al. 1985) , as well as with a variety of other 5-HT 1A agonists (Bjorvatn et al. 1997; Driver et al. 1995; Gillin et al. 1994; Lawlor et al. 1991; Luebke et al. 1992; Monti et al. 1995; Quattrochi et al. 1993; Sanford et al. 1994; Seifritz et al. 1998; Tissier et al. 1994) .
The age-related differences in REM latency response to buspirone and in other REM sleep measures do not appear to be due to developmental differences in the pharmacokinetic properties of buspirone. Buspirone probably would be metabolized faster in youngsters than in adults (Rao et al. 1999b ). If developmental difference in buspirone metabolism accounted for the agerelated differences in REM sleep responses, buspirone's effect on REM latency and on other REM sleep measures would be expected to be less robust in adolescents than in adults. However, future developmental studies with buspirone or other 5-HT 1A agonists should consider measuring serum drug levels. Moreover, the developmental differences in REM sleep responses to buspirone are congruent with preclinical and clinical reports of age-related differences in behavioral and physiological responses to a variety of other psychotropic agents (for a review, see Teicher and Baldessarini 1987) .
One possibility for the augmented delay in the appearance of REM sleep following buspirone administration in adolescents might be due to increased sensitivity of post-synaptic 5-HT 1A acceptor-coupled systems in youngsters, possibly due to reduced presynaptic input. Further, one possibility for the reduced 5-HT neurotransmission in youngsters is increased activity of the presynaptic autoreceptors. The autoreceptor-mediated negative feedback mechanism appears to be engaged when the neurons are firing at a relatively high rate, i.e., during waking (Fornal et al. 1994) . During periods when the 5-HT neurons are relatively inactive (for example, during sleep), the autoreceptor-coupled mechanism becomes disengaged and has little influence on their spontaneous activity (Fornal et al. 1996) . It is possible that, under normal baseline conditions when the supersensitive autoreceptors are dormant during sleep, the up-regulated post-synaptic 5-HT 1A systems are more active in adolescents, resulting in increased 5-HT neurotransmission. If the net baseline 5-HT 1A neurotransmission, which is inhibitory to REM sleep, is indeed enhanced or maintained longer during sleep in adolescents, this could account for the relatively longer REM latency typically observed in normal youngsters and, possibly, the inability of depressed adolescents to manifest shortened REM latency.
Despite the post-synaptic "supersensitivity," the net baseline 5-HT 1A acceptor-coupled neurotransmission may be reduced in adolescents as compared to adults which might underlie the poor response to antidepressants in youngsters (Emslie et al. 1997) . In addition to the possibility of enhanced baseline sensitivity of post-synaptic 5-HT 1A systems, other mechanisms might be involved in restraining the appearance of REM sleep in adolescents. One possibility is greater slow-wave sleep pressure than REM sleep pressure in adolescents (Borbély 1982) . In summary, these preliminary results suggest that developmental differences in 5-HT 1A receptor regulation of REM sleep might be associated with reduced prevalence of REM sleep abnormalities in depressed adolescents and, possibly, diminished antidepressant efficacy. In order to further clarify the role of developmental influences on 5-HT regulation of REM sleep and their relationship to depressive illness, future investigations should include larger samples of normal controls and depressed patients from various age groups.
